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ABSTRACT
This bulletin presents a discussion of the useful heat supplied to the
I = B = R Research Home from the inside chimney when the house was
being heated by an oil-fired, forced-circulation, hot-water heating
system. The data on which this discussion is based were obtained
largely during the winters of 1941-42 and 1942-43.
The tests included in this discussion were made while operating the
heating system with the flow control valve locked open so that gravity
circulation of water occurred when the circulator was not in operation.
The burner and circulator operation was controlled by the room thermo-
stat alone, with no provision made for heating domestic hot water. An
oil burning rate of 1.1 gal per hr was used. This rate was the minimum
obtainable with a clean fire and with a CO 2 content of the flue gases
not less than 8 percent at the smoke outlet of the boiler. The oil used
weighed 7 lb per gal and had a calorific value of 19,550 Btu per lb. In
order to keep a constant draft on the boiler at all times, a draft regulator
was installed in the flue pipe connecting the boiler to the chimney.
Two methods of computing the heat supplied to the house from the
chimney were used. The first method was based on observed flue gas
temperatures and rates of flow; the second was based on observed
temperatures of the plaster wall surrounding the chimney and of the
room air. The nature of the heat flow from the chimney to the house
did not lend itself to exact measurement. However, a comparison of
the results obtained by the two independent methods indicated that,
for the use made of them in this bulletin, the accuracy of the results
by either method was adequate. The following is a summary of the
principal results of the investigations.
When the I = B = R Research Home was being heated by a forced-
circulation hot-water system using an oil-fired boiler vented to the in-
side chimney, the chimney efficiency - that is, the heat regained by
the house from the chimney in percent of the total heat available in
the chimney gases at the basement ceiling level - amounted to about
31 percent. Studies of masonry chimney performances at Battelle
Memorial Institute and at the National Bureau of Standards gave
results which were in close agreement with those obtained in the Re-
search Home, even though there were differences in cross-sectional areas,
total heights, and methods of operation of the various chimneys.
ABSTRACT (Concluded)
For any given value of chimney efficiency there is a direct relation
between over-all house efficiency, combined boiler and smoke pipe
efficiency, and the heat supplied to the house by the chimney in percent
of the total heat utilized by the house.
The heat supplied to the house from the chimney may be sufficient
to result in unequal air temperature distribution in the rooms unless
an allowance for this heat is made in selecting the radiation for each
room. It is suggested that the heat to be supplied by the installed
radiation in a room should be reduced by an amount equal to 1.5 per-
cent of the calculated heat loss of the house for each side of the chimney
exposed to that room.
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SYMBOLS
A = area of plaster wall exposed to rooms and enclosing chimney, sq ft
a1 = area of plaster wall exposed to rooms and enclosing chimney on
first story, sq ft
a 2 = area of plaster wall exposed to rooms and enclosing chimney on
second story, sq ft
Cp = specific heat of dry chimney gases, 0.24 Btu per lb (F)
Cp, = specific heat of the water vapor in the chimney gases formed by
the combustion of hydrogen in the fuel, 0.46 Btu per lb (F)
D = observed chimney draft at the level of the basement ceiling, in.
of water
Db = average chimney draft at the level of the basement ceiling, in.
of water
Dm = chimney draft at the level of the basement ceiling at the end of
the on-period, in. of water. This is the same as the draft at the
start of the following off-period.
Ec = chimney efficiency
Eh = over-all house efficiency
E. = combined boiler and smoke pipe efficiency
fi = surface conductance, Btu per hr (sq ft) (F) - assumed = 1.65
H = total heat supplied to the house from chimney gases, Btu
Hb = heat available, in chimney gases at basement ceiling level, Btu
He = heat supplied to the house from water vapor formed by the com-
bustion of hydrogen in the fuel, Btu
Hd = heat supplied to the house from dry chimney gases, Btu
Hf = total heat available in the fuel burned, Btu per hr
HL = total heat utilized by the house, Btu per hr
H 2 = hydrogen in the fuel, percent by weight
hi = heat supplied to first story rooms from chimney gases, Btu per hr
h2 = heat supplied to second story rooms from chimney gases, Btu
per hr
N = number of burner cycles per day
p = density of chimney gases at the level of the attic floor, lb per cu ft
Qc = heat obtained by the house from the chimney gases divided by
the heat utilized by the house
t = observed temperature of chimney gases at the level of the attic
floor, F
ta = average room air temperature, F
t b = average temperature of the chimney gases at the level of the
basement ceiling, F
to = average temperature of chimney gases at the level of the attic
floor, F
t- = temperature of chimney gases at the level of the attic floor at
the end of on-period, F
tp = temperature of chimney gases at the level of the basement
ceiling at the end of the on-period, F. This is the same as the
temperature at the start of the following off-period.
t1 = average surface temperature of plaster wall exposed to rooms
and enclosing chimney, F
-t = average surface temperature of a,, F
t2 = average surface temperature of a 2, F
t3 = average room air temperature of first story, F
t4 = average room air temperature of second story, F
At = indoor-outdoor temperature difference, F
V = velocity of chimney gases, ft per sec
W = rate of flow of dry chimney gases, lb per hr
Wd = average rate of flow of dry chimney gases, lb per hr
Wo = weight of oil burned, lb per hr
4 = time, hr
q = time from start of any given on-period or off-period, min
02 = duration of any given on-period or off-period, min
I. INTRODUCTION
I. Preliminary Statement
This is the eighth bulletin to be published under a cooperative
agreement between the Institute of Boiler and Radiator Manufacturers
and the University of Illinois. This agreement was formally approved
January 2, 1940. Under the terms of the agreement the Institute is
represented by an Advisory Research Committee of five members
whose function is to propose such problems for investigation as are of
the greatest interest to the manufacturers and installers of steam and
hot-water heating equipment. Of these problems, the Engineering
Experiment Station staff selects for study those which can best be
investigated with the facilities and equipment available at the Univer-
sity. The Institute provides funds for defraying a major part of the
expense of this research work.
From January 1941 to the Spring of 1945 the I = B = R Research
Home was used continuously in studies on hot-water heating systems,
and during the 1945-46 season tests were made on a one-pipe steam
system. In all these studies it was observed that a large part of the total
heat required to offset the heat loss of the Research Home was obtained
from sources other than the radiators. In a previous bulletin' a discus-
sion is given as to the amounts of heat supplied to the house by the
occupants and from the use of electricity and gas in the house. In that
bulletin no attempt was made to estimate the amount of heat supplied
to the house from the chimney, although it was acknowledged that
some useful heat was supplied from this source.
The present bulletin presents a discussion of the useful heat supplied
to the I = B = R Research Home from the inside chimney when the
house was being heated by an oil-fired, forced-circulation, hot-water
heating system. The data on which this discussion is based were largely
obtained during the winters of 1941-42 and 1942-43.
2. Acknowledgments
The results presented in this bulletin were obtained in connection
with a cooperative investigation sponsored jointly by the Engineering
Experiment Station of the University of Illinois and the Institute of
1 "Performance of a Hot-Water Heating System in the I=B=R Research Home at the Univer-
sity of Illinois," Univ. of Ill. Eng. Exp. Sta. Bul. 349, Chap. VIII, Sect. 26.
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Boiler and Radiator Manufacturers. The investigation has been carried
on as a project of the Department of Mechanical Engineering, and was
conducted under the general administrative direction of Emeritus Dean
M. L. Enger, then Director of the Engineering Experiment Station, and
of Emeritus Professor 0. A. Leutwiler, Head of the Department of
Mechanical Engineering. Acknowledgment is hereby made to various
manufacturers who cooperated by furnishing materials and equipment
used in the investigation.
3. Object of Investigation
The object of this investigation was to determine the quantity
of heat liberated to the rooms of the Research Home from the inside
chimney which was being used as the vent for the oil-fired, hot-water
heating system.
II. EQUIPMENT
4. Research Home
The Research Home shown in Figs. 1 and 2 and described in detail
in Engineering Experiment Station Bulletin 349 is a two-story building
typical of the small, well-built American home. The construction is
brick veneer on wood frame, and all outside walls and the second-story
ceiling are insulated with mineral wool bats 3Y8 in. thick. A vapor
barrier placed between the studs and the plaster base prevents con-
densation on the sheathing by retarding the passage of water vapor
from the rooms into the insulation in the walls. The calculated coeffi-
cient of heat transmission, U, for the wall section is 0.074 Btu per hr
(sq ft) (F). All windows and the two outside doors are weatherstripped.
Two storm doors were used. The total calculated heat loss under design
conditions of -10 F outdoors and 70 F indoors is 43,370 Btu per hr
for the house, excluding the basement.
Fig. I. I=B=R Research Home
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Fig. 2. Floor Plans Showing Radiator Locations
5. Heating System
An oil-fired, cast-iron boiler used in connection with a one-pipe,
forced-circulation, hot-water heating system was used in the Research
Home during the heating seasons of 1941-42 and 1942-43. Small-tube
type, 19-in., 4-tube, cast-iron radiators set in open recesses below win-
dows were used to transfer the heat from the boiler water to the room
air. In each case there was about 4 in. of clearance between the ends of
the radiator and the sides of the recess, 214 in. between the top of the
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radiator and the top of the recess, and 14 in. between the back of the
radiator and the wall of the recess. The front of the radiator was
approximately flush with the wall of the room. The radiators were
connected to two supply loops located in the basement as shown in
Fig. 3. The locations of radiators in each room of the house are shown
by the black rectangles in Fig. 2.
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Fig. 3. Basement Plan with Location of Heating and Testing Equipment
The amount of radiation installed in each room was based on a heat
emission rate of 200 Btu per sq ft of equivalent direct radiation with
a mean water temperature of 195 F and a 10 F drop through the
radiator, and was sufficient to offset the calculated heat loss at an out-
door temperature of -10 F with the circulator operating continuously.
In selecting the radiators the rating of 1.6 sq ft E.D.R. per section of
free standing radiation, as listed in the manufacturer's catalog, was
reduced by 12.5 percent in order to compensate for the anticipated
reduction in heat output of the radiators when installed in recesses.
The cast-iron, hot-water boiler was composed of three 4-in. sections
insulated on the front, back, sides, and top by a mineral wool blanket
1 in. in thickness, and was completely enclosed with an enameled sheet-
metal jacket. All cracks around the base of the boiler and between
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sections were sealed with asbestos cement to prevent leakage of air
into, or products of combustion out of, the boiler. The boiler had a net
I=B=R rating of 63,000 or a gross I=B=R output of 95,000 Btu
per hr when fired with oil at the rate of 1.0 gal per hr. The oil burner
was of the pressure atomizing, conversion type, and the refractory
combustion chamber was 11 in. wide by 12 in. long by 12Y2 in. high,
inside dimensions. The system was equipped with a 11Y-in. circulator
and an angle flow-control valve.
Thermostat ca//s for /heat
/. C:rcu'/atotr and of/ burr'ner sart.
2. C/'rce//,'/or ~uns unt/i th/ermostat is sa/sf'dI.
3. //1 burtner runs u'nit thfer/nos/a is sa//'sf/ea',
or un/il boi/er wya/er tem/pera/ure reaches seti4nf
of h/,Fh-//'I/nf cortrol.
Thermostat r .cal,/t d/'/
/90007
Thermostat
Fig. 4. Control System
The operation of the burner and circulator was regulated by means
of a conventional set of controls consisting of a room thermostat which
was located in the living room, an electric clock with a self-contained
time switch, a high-limit control, a stack switch, and a relay. The
stack switch was connected in the burner circuit, and served as a safety
control in case of failure of the ignition or oil supply. The room thermo-
stat was of the heat-anticipating type. The high-limit control, attached
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to the surface of the supply trunk immediately
above the top of the boiler, served as an addi-
tional safety control to prevent overheating
the water in the boiler. A diagram of the con-
trol system and the sequence of operations are
shown in Fig. 4.
6. Chimney
The chimney to which the boiler was con-
nected had a height of 35 ft 2 in. measured from
the basement floor and consisted of a 61 2-in.-
by-ll-in. fireclay flue lining enclosed by one
course of red brick. The chimney extended up
through the central part of the house so that
it was completely surrounded by heated space
from its base to the level of the second story
ceiling. There was no direct contact between the
chimney and any of the house framing. The
plaster walls were separated from the masonry
by an air space averaging about 5 in. in width.
At the second story and basement ceiling levels
this space was packed with mineral wool to
prevent the circulation of air between the space
around the chimney and the attic or basement.
The location of the draft regulator and thermo-
couples, and details of the chimney construction
and flue connection, are shown in Fig. 5.
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~
Fig. 5. Chimney Details
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III. TEST PROCEDURE
7. General Statement
The tests included in this discussion were made while operating the
house on series B during the heating season of 1941-42.1 In this series
the flow control valve was locked open so that water could circulate by
gravity to the radiators during the off-period. The burner and circulator
operation was controlled by the room thermostat alone, with no provi-
sion made for heating domestic hot water. An oil burning rate of 1.1 gal
per hr was used. This rate was the minimum obtainable with a clean
fire and with a C02 content of the flue gases not less than 8 percent at
the smoke outlet of the boiler. The oil used weighed 7 lb per gal and
had a calorific value of 19,550 Btu per lb. In order to keep a constant
draft on the boiler at all times, a draft regulator was installed in the
flue pipe connecting the boiler to the chimney.
During all tests the temperature of the air 30 in. above the floor in
the heated portion of the house was maintained constant at approxi-
mately 72 F both day and night. The windows, including those in the
bedrooms, remained closed at all times.
8. Observations
To obtain the data necessary for the computations of the heat
supplied to the house from the chimney, the following observations
were made.
(a) Chimney Gas Temperatures. A continuous record was made of
the temperatures of the chimney gases at the levels of the attic floor
and the basement ceiling and of the temperature of the gases at the
smoke outlet of the boiler. The locations of these temperature measuring
stations are shown in Fig. 5. These temperatures were measured by
means of thermocouples made of chromel-alumel 22 B and S gage wire
and connected to a recording type, multi-point potentiometer.
(b) Available Draft in the Chimney. A continuous record was made
of the available draft in the chimney at the level of the basement
ceiling. The draft recorder used for this purpose was readable to
0.01 in. of water.
1 For full details of this operating procedure see "Performance of a Hot-Water Heating System
in the I=B=R Research Home at the University of Illinois," Univ. of Ill. Eng. Exp. Sta. Bul. 349,
pp. 19-21.
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(c) Flue Gas and Chimney Gas Analyses. Gas sampling stations
were located in the smoke outlet of the boiler and at the level of the
attic floor. A continuous record was made of the CO 2 at the smoke
outlet by means of a recording CO 2 analyzer. The C02 content of the
chimney gases at the level of the attic floor was measured with an
Orsat apparatus.
(d) Rate of Flow of Chimney Gases During On-Period. This rate of
flow was obtained by direct calculation from chimney gas and fuel
analyses. The calculation procedure is explained in detail in Section 11.
(e) Rate of Flow of Chimney Gases During Off-Periods. This rate
of flow was obtained by a CO 2 dilution method as explained in Section 13.
(f) Plaster Surface Temperatures. The surface temperatures of the
plaster on the inside walls surrounding the chimney were observed
daily at 7:00 am., 11:00 a.m., 5:00 p.m., and 10:00 p.m. The locations
of the thermocouples used are shown in Fig. 5.
(g) General Observations. At 7:00 a.m., 11:00 a.m., 5:00 p.m., and
10:00 p.m. observations were recorded of the temperature of the air in
each room at 3 in., 30 in., and 60 in. above the floor, and 3 in. below
the ceiling; the temperature of the air in the basement and in the attic;
and the relative humidity in the rooms. Complete daily records were
made of the weight of oil consumed and of the operating time, the
number of cycles, and the power consumption of the oil burner and
circulator. Continuous records were made of the temperature of the
water at the boiler outlet and return, and of the outdoor air tempera-
ture. Other daily observations included the total amount of electricity
and gas used in the house, the number of occupants, and general
weather conditions.
IV. COMPUTATIONS USED IN FLUE GAS TEMPERATURE METHOD
9. General Statement
The heat supplied to the heated portion of the house from chimney
gases may be divided into three parts: (1) the heat obtained from
the dry chimney gases, (2) the heat obtained from the water vapor in
the chimney gases formed by the combustion of hydrogen in the fuel,
and (3) the heat obtained from the water vapor in the chimney gases
carried in by the air for combustion.
Based on the assumption that all the heat given up by the flue
gases while passing from the level of the basement ceiling to the level
of the attic floor is transmitted to the heated portion of the house,
the heat supplied to the house from the dry chimney gases may be
computed from the equation:
Ha = WdaC (tb - tc) c (1)
Hd = heat supplied to the house from the dry chimney gases, Btu
Wd = average rate of flow of the dry chimney gases, lb per hr
Cp = specific heat of chimney gases, 0.24 Btu per lb (F)
tb = average temperature of the chimney gases at the level of
the basement ceiling, F
tc = average temperature of the chimney gases at the level of
the attic floor, F
c = time, hr
The heat supplied to the house from the water vapor in the chimney
gases formed by the combustion of hydrogen in the fuel may be com-
puted from the equation:
He = 0.09 Wo H 2 C,, (tb - t) 4 (2)
where
He = heat supplied to the house from water vapor formed by
the combustion of hydrogen in the fuel, Btu
Wo = weight of oil burned, lb per hr
H 2 = hydrogen in the fuel, percent by weight
Cp, = specific heat of the water vapor, 0.46 Btu per lb (F)
tb, tc, and 4 = same as in Eq. 1
In addition to the water vapor resulting from the combustion of
hydrogen in the fuel, about 0.005 lb of water vapor were supplied with
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each pound of basement air admitted to the system. The heat regained
from the water vapor in the air for combustion was less than 1.0 percent
of the total heat regained and therefore was neglected in all calculations.
The rate of flow of chimney gases was not continuous and uniform,
and it was not possible to calculate the rate of flow during the off-
periods from the analyses of the fuel and chimney gases as was possible
for the on-periods. Hence it was immediately evident that in order to
use Eqs. 1 and 2 to calculate the amount of heat transmitted to the
house from the flue gases over the period of a day, the on-periods and
the off-periods would have to be treated separately.
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Fig. 6. Characteristic Chimney Gas Temperatures and Draft Records
Continuous records were made of the available draft in the chimney
at the level of the basement ceiling, and the temperature of the chim-
ney gases at the levels of the basement ceiling and the attic floor. The
characteristic shapes of the temperature and draft records are shown
in Fig. 6. The shapes of these curves for both the on- and the off-periods
were such that no direct method of averaging could be used; however,
by integrating a large number of characteristic curves, it was found
that the average temperature and average draft for a given on- or off-
period could be expressed in terms of the maximum temperature or
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draft shown by the recorder chart for that period. Furthermore, since
the rate of flow of the chimney gases is a function of the draft, the
average rate of flow could be determined from the average draft. The
methods used to obtain the separate averages for the on-periods and
off-periods from which the heat losses in the dry chimney gases were
computed are explained in Sections 10-13. The total heat transmitted
during any given day was then obtained by taking the sum of the heat
transfers computed for the individual cycles occurring during that day.
10. Average Temperatures and Draft During On-Periods
For a large number of characteristic on-periods the temperatures of
the chimney gases at the level of the attic floor as read from the re-
corder charts were plotted against time on logarithmic paper. The
resulting curves were straight lines, all having practically the same
slope. The average slope was 0.14 and the characteristic equation was
of the form:
t = C00 .14  (3)
in which
4 = time from start of on-period, min
t = instantaneous temperature of the chimney gases at the level
of the attic floor at the time 4, F
C = a constant
Integrating Eq. 3 between the limits of zero and 42 and dividing by 42:
C k20 '1
4
tc = -- (4)
1.14
in which
tc = average temperature of the chimney gases at the level of
the attic floor, F
42 = duration of on-period, min
From Eq. 3 the temperature, ti, at the end of the on-period is
t = C 420.14  (5)
in which
tm = temperature of chimney gases at the level of the attic floor, F
Dividing Eq. 4 by Eq. 5
tm
t - = 0.877 tm (6)
1.14
Equation 6 gives the relation between the average temperature for the
on-period and the temperature attained at the end of the on-period.
Since the latter was always the maximum temperature attained in the
given cycle, it could be read from the chart with considerable accuracy.
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By a similar analysis it was found that the average temperature of
the chimney gas at the level of the basement ceiling could be obtained
by using the equation:
tb = 0.901 tp (7)
in which
tb = average temperature of the chimney gases at the level of
the basement ceiling, F
tp = temperature of the chimney gases at the level of the base-
ment ceiling at end of the on-period, F
t
,
, was obtained directly from the recorder chart.
Likewise, the average draft at the level of the basement ceiling
could be obtained from the recorder charts by using the equation:
Db = 0.917 Dm (8)
in which
Db = average draft, in. of water
Dm = draft at end of on-period, in. of water
11. Average Rate of Flow During On-Periods
For a large number of on-periods, and over a wide range of chimney
temperatures, a series of observations were made of the percentage of
CO2 in the chimney gases at the level of the attic floor and the draft
in the chimney just above the point at which the smoke pipe entered
the chimney. From these CO 2 readings, made by means of an Orsat
apparatus, the corresponding rates of flow of the chimney gases in
pounds per hour were computed from the curves shown in Fig. 7. These
curves were obtained1 by assuming different percentages of excess air
and calculating the resulting CO 2 and weights of the products of com-
bustion from the analysis of an oil typical of that used for the tests
reported in this bulletin. From the weight rates of flow, the velocities
of the gases in the chimney were computed and plotted on log paper
against the corresponding observed drafts. The resulting curve was a
straight line represented by the equation:
V = 1.71 (9)
p
in which
V = velocity of chimney gases, ft per sec
D = draft at the level of the basement ceiling, in. of water
p = density of chimney gases at the level of the attic floor, lb
per cu ft
I "Combustion Efficiencies as Related to Performance of Domestic Heating Plants," Univ. of Ill.
Eng. Exp. Sta. Circ. 44, 1942, pp. 21-23.
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This was regarded as the characteristic flow equation applying to
this chimney and to the measurements made at the points previously
specified. Expressing the velocity in terms of weight of gases flowing in
pounds per hour and the density in terms of the temperature of the
gases, Eq. 9 reduces to
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in which
W = weight of dry chimney gas, lb per hr
D = observed draft at the level of the basement ceiling, in.
of water
t = temperature of chimney gases at the level of the attic
floor, F
The average rate of flow of the chimney gases for any given on-
period, W, was determined from Eq. 10 by substituting for t the average
temperature of the chimney gases at the level of the attic floor as
determined by Eq. 6 and for D the average draft at the level of the
basement ceiling as determined by Eq. 8.
12. Average Temperatures and Draft During Off-Periods
By an analysis similar to that discussed in Section 10, it was found
that the average temperature of the chimney gas at the level of the attic
floor during any given off-period could be expressed by the equation:
tm
0.814 145  (11)
in which
tc = average temperature of the chimney gases at the level of
the attic floor, F
tm = temperature of the chimney gases at the level of the attic
floor at the start of the off-period, F. This is equal to tm
for the preceding on-period.
02 = length of off-period, min
Likewise, the average temperature of the chimney gas at the level
of the basement ceiling, tb, was expressed by the equation:
1.13 tm
tb = - (12)220.23
in which tm and 42 are the same as in Eq. 11.
Draft curves similar to the temperature curves discussed in Sec-
tion 10 were plotted and from these curves the characteristic equation
was found to be of the form:
D = D.m (13)
in which
0 = time from start of off-period, minutes
D = observed chimney draft at the level of the basement ceiling
at time (, in. of water
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Dm = chimney draft at the level of basement ceiling at the start
of off-period, in. of water. This is the same as the draft at
the end of the preceding on-period.
However, the exponent n in Eq. 13 was variable, the value being
dependent on Dm as shown in Table 1.
Table 1
Values of Exponent n Used in Equations 13 and 14
D" Dm
in. of water n in. of water n
0.100 -0.297 0.140 -0.151
0.110 -0.230 0.150 -0.136
0.120 -0.193 0.160 -0.123
0.130 -0.170 0.170 -0.114
Integrating Eq. 13 between the limits of zero and 42 and dividing
by 02
Db =(n± 2  D. (14)
in which
Db = average chimney draft at the level of the basement ceiling,
in. of water
42 = length of the off-period, min
Dm = the same as in Eq. 13
13. Average Rate of Flow During Off-Periods
During the off-periods no combustion occurred and air was drawn
through the burner and over the heating surfaces in the boiler by the
action of the draft in the chimney. Since there was no primary heat
source, this draft was created entirely by the residual heat in the com-
bustion chamber, boiler and chimney. Furthermore, since no CO 2 was
generated, it was not possible to determine from the analyses of the
gases and fuel the weight of gases flowing, as was done for the on-
period. Therefore, some other method had to be selected.
The method employed was to introduce CO 2 into the chimney at a
predetermined constant rate, and to measure the concentration of CO 2
appearing at the 'level of the attic floor. For this purpose pure C0 2 was
stored in a gasometer and introduced into the base of the chimney
through a short length of horizontal pipe extending across the chim-
ney and perforated on both sides. The gasometer afforded a means of
both measuring and controlling the rate of flow of CO 2. The perforated
pipe introduced the C02 horizontally and at a sufficiently low velocity
to permit diffusion across the whole cross sectional area of the chimney.
It also eliminated the possibility of any injection action interfering
with the normal draft. Sufficient CO 2 was introduced to produce a
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concentration of about 2 percent at the level of the attic floor, as
measured by means of an Orsat apparatus. From this concentration the
rate of flow of the chimney gases during the off-periods was determined
with an accuracy of ± 5 percent. From the rates of flow so determined,
the velocities of the chimney gases were computed and plotted on
logarithmic paper against the corresponding observed drafts as was
done for the on-periods. The characteristic flow equation in this case
was of the form:
,D/
V = 1.26 (15)
in which
V = velocity of chimney gases, ft per sec
D = observed chimney draft at the level of the basement ceiling,
in. of water
p = density of chimney gases at the level of the attic floor, lb
per cu ft
Expressing the velocity in terms of weight of gases flowing in pounds
per hour and the density in terms of the temperature of the gases, Eq. 15
reduces to
, D
W = 14,920 + -460 (16)
in which
W = rate of flow of dry chimney gases, lb per hr
t = observed temperature of chimney gases at the level of the
attic floor
D = the same as in Eq. 15
The average rate of flow of chimney gases for any given off-period,
Wd, was determined from Eq. 16 by substituting for t the average
temperature of the chimney gases at the level of the attic floor as
determined by Eq. 11, and for D the average draft at the level of the
basement ceiling as determined by Eq. 14.
14. Heat Supplied to House from Chimney Gases, Daily
The heat transmitted to the house from the dry flue gas, Hd, during
each on- and off-period of the burner may be obtained by substituting
in Eq. 1 the proper values of Wd, tb, and tc as derived in Sections 10
and 13 and substituting for 1 the duration of this on- or off-period, ¢2.
The total heat transmitted to the house per day from the dry chimney
gas is the summation of the heat transmitted during each on- or off-
period occurring during that day.
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To obtain the total heat transfer from the chimney gas to the house
it is necessary to add to the total heat transfer from the dry flue gas,
the heat obtained from the water vapor formed by the combustion of
hydrogen, He. Heat is obtained from this source during on-periods of
the burner only, and may be computed by substituting in Eq. 2 the
values of tb and tc as derived in Section 10, the length of the on-period
for D, and the proportionate weight of oil burned during the on-
period for Wo. For the oil used in these tests, H2 in Eq. 2 was equal
to 13.0 percent. The heat obtained from the water vapor for any given
day is the sum of the quantities of heat obtained during each individual
on-period occurring during that day. The total heat obtained from the
chimney gases, H, is the sum of the heat obtained from the dry flue
gas plus that obtained from the water vapor formed by the combustion
of hydrogen in the fuel. Detailed calculations of the total heat ob-
tained from the chimney gas as determined by the flue gas temperature
method are shown in Table 3, Appendix C.
Due to the relative locations of the temperature and flow measure-
ment stations and of the draft regulator, the preceding computations
include the effects of any basement air that has been introduced to the
system through the draft regulator.
15. Heat Available in Chimney Gases at Basement Ceiling Level
The heat available in the chimney gases at the basement ceiling
level, Hb, is the heat obtainable from these gases if cooled to room
temperature. Therefore the heat available may be computed with the
procedures given in Section 14 by substituting the average room
temperature, ta, for the average temperature of the chimney gases at
the level of the attic floor, to.
V. COMPUTATIONS USED IN PLASTER SURFACE
TEMPERATURE METHOD
A second method used in computing the total heat supplied to
the house from the chimney gases was based on the observed surface
temperature of the plaster walls around the chimney and the room
air temperatures. In making these calculations use was made of the
equation: H = S A f/(ts -- t) (17)
in which
H = total heat supplied to the house from the chimney gases, Btu
A = area of plaster wall exposed to rooms and enclosing chim-
ney, sq ft
fi = surface conductance, Btu per hr (sq ft) (F)-assumed = 1.65
ts = average surface temperature of plaster wall exposed to
rooms and enclosing chimney, F
ta = average room air temperature, F
4 = time, hr
Since there were slight differences in both the air and plaster surface
temperatures for the first and second stories, the heat transfer was
computed for each story separately as follows:
hi = daifi (t, - t3) (18)
h2 = 4)a2fi (t2 - t4) (19)
H = hi + h2  (20)
in which
hi, h2 = heat supplied to first and second story rooms from chim-
ney gases, respectively, Btu
a,, as = areas of plaster wall exposed to rooms enclosing chimney
on first and second stories, respectively, sq ft
t1 , t2 = average surface temperatures of a, and a2 respectively, F
3i, t4 = average room air temperatures of first and second stories
respectively, F
fi, 4 = same as in Eq. 17
The average room air temperature of the first story, t3, was taken
as the average of the air temperature readings observed each day at
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the 60-in. level in the living room, dining room, and kitchen. Likewise,
t4 was taken as the average of the readings observed each day of the
room air temperature at the 60-in. level in the three bedrooms.
In calculating the total daily heat supplied to the rooms from the
chimney, Eqs. 18 and 19 may be further simplified by combining all
constant terms to:
h, = C1 (t - t3) (21)
h = C (t2 - 4) (22)
in which
C, = aifij4 = 81 X 1.65 X 24 = 3208
C 2 = a2fA, = 72.8 X 1.65 X 24 = 2887
Detailed calculations of the total heat supplied to the house by the
chimney gases as determined by the plaster surface temperature method
are shown in Table 4, Appendix C.
VI. RESULTS
16. Heat Supplied to House from Chimney Gases, Using Flue Gas
Temperature Method
In Fig. 8 curve 1 shows the daily heat supplied to the house from
the chimney as determined by measurements of flue gas temperatures
and quantities. The test points are quite scattered, as is to be expected
because the coordinates selected imply that the heat transfer is a func-
tion only of indoor-outdoor temperature difference. Actually it is a
function of total burner operating time, boiler water temperature, and
intensity of draft, all of which are affected by the amount of sunshine
and average wind velocity as well as the indoor-outdoor temperature
difference. Since the test observations did not make it possible to isolate
the effects of wind and sunshine, sufficient tests were run to permit
drawing a curve representing "average" conditions.
Curve 3 of Fig. 8 represents the heat supplied to the house from
the chimney as determined by measurements of flue gas temperatures
and quantities, expressed in percent of the total heat loss of the house.
Curve 3 was obtained by multiplying values read from curve 1 by 100
and dividing by the actual heat loss of the house for the corresponding
indoor-outdoor temperature difference. The actual heat loss was ob-
tained by measurement of all heat supplied to the residence.'
From curve 3, Fig. 8, it may be observed that as the indoor-outdoor
temperature difference increased up to about 25 F there was a sharp
increase in the useful heat obtained from the chimney when expressed
in percent of the total heat loss of the house. Above an indoor-outdoor
temperature difference of 25 F this increase was less pronounced,
ranging from 13.5 percent to a maximum of 14 percent. At an indoor-
outdoor temperature difference of 34 F (representative of average
winter temperatures in Urbana, Illinois) the heat supplied to the house
from the chimney as computed by the flue gas method amounted to
14.0 percent of the total heat loss of the house.
17. Heat Supplied to House from Chimney Gases, Using Plaster
Surface Temperature Method
The useful heat obtained from the chimney each day as computed
from the observed plaster surface and room air temperature is shown
' For a discussion of the actual heat loss of the I=B=-R Research Home see Section 26 of
"Performance of a Hot-Water Heating System in the I=B=R Research Home at the University of
Illinois," Eng. Exp. Sta. Bul. 349.
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by curve 2 of Fig. 8. The test points for curve 2 are for the same days
as those for curve 1, and supposedly would have identical values if
both methods of calculation were exact. However, both methods of
computation are subject to unavoidable inaccuracies. The formulas for
obtaining the average flue gas temperature and average rate of flow
as given in Sections 9-13 are approximate and are influenced by varia-
tions in wind and sunshine, whereas these variations do not greatly
influence the plaster surface temperature. Therefore, the plaster surface
temperature method is probably the more accurate method of calcu-
lating the heat supplied to the house from the chimney. The difficulties
involved in this method were to obtain the true average plaster surface
and ambient air temperatures, and to select the proper plaster area,
since (as shown in Fig. 5) some of the walls around the chimney were
continuous with intermediate partitions in the house. In this analysis
it was assumed that only the wall area actually surrounding the chim-
ney was involved.
The correlation of the test points for curve 2 in Fig. 8 is better
than that for curve 1 and, as indicated in the preceding paragraph,
there is reason to believe that these points more accurately represent
actual conditions.
Curve 4, based on curve 2, was obtained in the same manner as
curve 3, which was described in Chapter V. This curve indicates that as
soon as the outdoor temperature dropped low enough to require some
heat in the house the useful heat obtained from the chimney expressed
in percent of the total heat loss of the house rose very sharply, from 0 to
19.5 percent. As the indoor-outdoor temperature difference increased
beyond this point the ratio of the heat obtained from the chimney to
the heat loss of the house steadily decreased to a value of about 14.7
percent at an indoor-outdoor temperature difference of 60 F. At a
temperature difference of 34 F the useful heat obtained from the
chimney as computed from observed plaster surface and ambient air
temperature was about 17 percent of the actual heat loss of the house,
as compared to the value of 14.0 percent obtained by using observed
flue gas temperatures and rates of flow in computing the useful heat
obtained from the chimney.
18. Chimney Heat Transfer Efficiency
The heat supplied to the house from the inside chimney may be
expressed as a percentage of the heat available in the chimney gases
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at the basement ceiling level. Since this value represents the heat trans-
ferred as related to the initial heat available, it has been designated
"Chimney Heat Transfer Efficiency" or simply "Chimney Efficiency."
The chimney efficiency has been determined over a range of indoor-
outdoor temperature differences by means of observed rates of flow
of the chimney gases and the temperatures of the chimney gases at
the basement and second story ceiling levels. A plot of these chimney
efficiencies together with the average flow rates and temperatures of
the chimney gases at the basement ceiling level is shown in Fig. 9.
The chimney efficiency is fairly constant over a wide range of indoor-
outdoor temperature differences, and is equal to 31 percent at an
indoor-outdoor temperature difference of 34 F (representative of average
winter temperatures in Urbana, Illinois).
In addition to the investigation reported in this bulletin, studies of
the performance of residential chimneys have been made at the National
Bureau of Standards' and at Battelle Memorial Institute.2 All studies
were limited to masonry chimneys; however, as shown in Fig. 10,
there were variations in the physical dimensions of the chimneys, the
method of operation, and the type of fuel used. While the total height
of the chimneys differed, it should be noted that the heights between
temperature measuring stations used for computing the chimney effi-
ciency were approximately equal.
The principal object of the investigation at both Battelle and the
Bureau of Standards was to study the draft characteristics of residential
chimneys at various gas flow rates and inlet temperatures. The pro-
cedure adopted for both of these investigations was to heat the chim-
ney gases to the desired temperature using gas or electricity as the
source of heat and to regulate the rate of gas flow into the base of the
chimney by means of a damper.
The tests in the Research Home were made while studying the
performance characteristics of an oil-fired, forced-circulation, hot-water
heating system operating under actual use conditions. Therefore, in
these tests, variations in the temperature and rate of flow of the flue
gas occurred during both on- and off-periods of the oil burner.
From the data of the tests conducted at the National Bureau of
Standards and Battelle Memorial Institute, chimney efficiencies were
computed and plotted in Fig. 10 as a function of the average tempera-
ture of the chimney gases observed at the lower temperature measuring
station, which corresponds to the basement ceiling level in a residence.
' "Observed Performance of Some Experimental Chimneys," by R. S. Dill, P. R. Achenbach,
and J. T. Duck, A.S.H.V.E. Transactions, Vol. 48, p. 351.
2 Data taken from an unpublished progress report to Bituminous Coal Research, Inc., on "The
Performance of Residential Chimneys," by R. B. Engdahl, P. C. Vyff, and F. B. Terrill, May 13, 1946.
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Superimposed on this plot is the chimney efficiency which was obtained
in the Research Home for an average temperature of the chimney
gases at the basement ceiling level of 208 F, corresponding to an indoor-
outdoor temperature difference of 34 F (see Fig. 9). The results of the
three investigations are in close agreement even though there were
differences in gas flow rates, cross-sectional areas, total heights, and
methods of operation of the various chimneys.
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Fig. 70. Chimney Efficiencies Obtained from Three Investigations
The rates of gas flow in the chimney during the tests represented
in Fig. 10 are representative of the flow rates required for the combus-
tion of 1-1.5 gal of oil per hr with a CO 2 content in the products of
combustion of 8 percent. A combustion rate of 1.5 gal of oil per hr is
adequate to provide heat for a house having a calculated heat loss of
about 150,000 Btu per hr. Some tests at the National Bureau of
Standards were made of other flow rates. These seemed to indicate that
the chimney heat transfer efficiency increased slightly as the gas flow
rate was decreased below 67.5 cfh, but there were insufficient data to
definitely establish the magnitude of the change.
In residential operation, the average temperature of the chimney
gases will normally approximate 200 F, and should not exceed 500 F.
It should be remembered that these are not maximum temperatures
but include both on-period and off-period operation and that, further-
more, they are affected by the entrance of basement air through the
draft regulators. Therefore it would appear that a chimney efficiency
of 30-35 percent could be expected for an inside masonry chimney
having a length of travel through the heated portion of the house of
approximately 15 ft.
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19. Heat Utilization
The amount of fuel required to offset the heat loss of the house is
affected by the heat supplied to the house from the inside chimney.
In addition, the heat from the chimney is not necessarily supplied to
all rooms of the house in proportion to the heat loss of those rooms.
Therefore, the heat supplied by the chimney affects both the utilization
of fuel by the house and the distribution of heat within the house.
It may be assumed that the heat utilized by the house is the total
heat available in the fuel burned minus the heat available in the chim-
ney gases at the upper boundary of heated space. This is equivalent
to the heat supplied to the house from the boiler and smoke pipe plus
the heat supplied from the inside chimney; it may be expressed as
HL = HfE± + Hf (1 - En) E, (23)
or
HL = Hf [E, + (1 - E.) Ec] (24)
in which
HL = total heat utilized by the house, Btu per hr
Hf = total heat available in the fuel burned, Btu per hr
E. = combined boiler and smoke pipe efficiency -that is, the
available heat in the fuel minus the available heat in the
chimney gases at the basement ceiling level divided by
the available heat in the fuel burned
Ec = chimney efficiency, expressed in decimal form
The heat supplied to the house from the chimney gases is equal to
the available heat in the chimney gases at the basement ceiling level
multiplied by the chimney efficiency in decimal form and may be ex-
pressed as a ratio to the heat utilized by the house as
Hf (1 - E,) E,Qo = (25)
Hf [E& + (1 - E&) Ec]
or
(1 - E,~) Ec
Qc = ( 1  (26)
E. + (1 - Eu) E,
in which
Qc = the heat obtained by the house from the chimney gases
divided by the heat utilized by the house
E., Ec = the same as in Eq. 24
Equation 26 indicates that for any given value of chimney efficiency
there is a direct relationship between the heat obtained by the house
from the chimney divided by the heat utilized by the house, Qc, and the
combined efficiency of the boiler and smoke pipe, E,. This relationship is
shown in Fig. 1 lb for chimney efficiencies of both 30 and 35 percent.
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Over-all house efficiency has been defined as the heat utilized by
the house expressed as a percentage of the total heat available in the
fuel burned. Hence, it is a measure of the heat in the fuel burned which
is utilized by the house to offset heat losses. A discussion of the factors
affecting over-all house efficiency is included in Appendix A.
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The following equation is an expression for over-all house efficiency:
HL
Hf
By substituting the equivalent of HL from Eq. 24, Eq. 27 becomes:
Eh = E. + (1 - E,) Ec (28)
in which
Eh = the over-all house efficiency, expressed in decimal form
Eý, E, = the same as in Eq. 24
.
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For any given chimney efficiency, then, there is a direct relation
between the over-all house efficiency, Eh, and the combined efficiency
of boiler and smoke pipe, E.. This relationship is shown in Fig. lla
for chimney efficiencies of both 30 and 35 percent, representative of
the chimney efficiencies obtained with an inside masonry chimney in
a two-story house.
When the chimney efficiency and either the over-all house efficiency
or the combined efficiency of the boiler and smoke pipe are known,
Fig. 11 may be used to determine the heat supplied to the house by
the chimney as a percentage of the total heat utilized by the house, Qc.
Thus Qc is independent of the type of construction of the house, the
type of fuel burned, and the indoor-outdoor temperature difference.
As discussed in Section 18, the range of chimney efficiencies for an
inside masonry chimney in a two-story house will normally be between
the values of 30 and 35 percent. Results of heating research' have shown
that over-all house efficiencies are generally 80 percent or less. Assuming
an over-all house efficiency of 80 percent and a chimney efficiency of
33 percent, Fig. 11 shows that the combined efficiency of the boiler
and smoke pipe is 70 percent and the heat supplied to the house by
the chimney in percent of the total heat utilized by the house, Q,, is
12 percent. For a two-story house, this averages 1.5 percent of the
total heat utilized by the house for each side of the chimney exposed
to a room. At design outdoor temperatures, the total heat utilized by
the house is assumed to be equal to the calculated heat loss of the
house. Therefore, to maintain uniform temperatures in the various
rooms, the heat to be supplied by the installed radiation in a room
should be reduced by an amount equal to 1.5 percent of the calculated
heat loss of the house for each side of the chimney exposed to that room.
For example, in a residence with a calculated heat loss of 100,000 Btu
per hr, the reduction of installed radiation in a room to which two sides
of the chimney are exposed would be equal to 3000 Btu per hr.
It is common practice to omit the heat losses of the basement from
the calculated heat losses of the house, since the heat supplied from
the boiler jacket and smoke pipe is normally sufficient to offset the
basement losses. If the basement heat losses are omitted from the
calculated heat losses of the house, the reduction of installed radiation
in a room by an amount equal to 1.5 percent of the calculated heat
losses of the house for each side of the chimney exposed to that room
may be used with safety, as this allowance is somewhat less than that
indicated by the test data reported in this bulletin.
1 Univ. of Ill. Eng. Exp. Sta. Buls. 318, pp. 39-44, and 349, pp. 57-62.
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If the combined efficiency of the boiler and smoke pipe decreases
below 70 percent, the heat obtained from the chimney in percent of
the heat loss of the house will increase, so that the preceding allowance
of 1.5 percent is on the safe side. For example, at a combined efficiency
of 60 percent, Fig. 11 shows that the heat obtained from the chimney
will be about 18 percent of the heat loss of the house instead of the
12 percent obtained with a 70 percent combined efficiency.
The rate of heat transfer from the chimney to the first story of
the house is greater than that to the second story, due to the greater
difference between the temperatures of the chimney gas and the room
air. Therefore, a reduction of installed radiation in a room by an amount
equal to 1.5 percent of the calculated heat loss of the house for each
side of the chimney exposed to that room may be used for one story
houses as well as for two story houses.
VII. SUMMARY
The heat supplied to the house from the chimney was calculated by
two methods: (1) from the observed flue gas temperatures and rates
of flow, (2) from the observed plaster surface and room air tempera-
tures. There was fair agreement in the quantity of useful heat ob-
tained from the chimney as determined by these two independent
methods of calculation.
When the I = B = R Research Home was being heated by a forced-
circulation, hot-water system using an oil-fired boiler vented to the
inside chimney, the heat supplied to the house from the chimney
amounted to about 15 percent of the total heat loss of the house for
normal winter temperature.
The heat supplied to the house from the chimney in average winter
weather amounted to about 31 percent of the total heat available in
the chimney gases at the basement ceiling level. That is, the chimney
efficiency equalled 31 percent. This value was substantiated by the
results of chimney studies made at Battelle Memorial Institute and
the National Bureau of Standards.
The heat supplied to the house from the chimney expressed in per-
cent of the total heat loss of the house is a function of the combined
efficiency of the boiler and smoke pipe, and the length of chimney ex-
posed to the heated space. It is not dependent upon the type of con-
struction of the house, the type of fuel burned, or the indoor-outdoor
temperature difference.
With a combined efficiency of the boiler and smoke pipe of 70 per-
cent and a chimney efficiency of 33 percent the heat supplied to a two
story house by an inside chimney would be about 12 percent of the
heat loss of the house. At a combined efficiency of 60 percent, the heat
obtained from the chimney would be about 18 percent of the total
heat loss of the house. Since most of this heat would be lost to the
outdoors if an outside chimney were used, it becomes apparent that use
of an inside chimney results in increased economy of operation.
The heat obtained by the house from an inside chimney is of suffi-
cient magnitude that it can cause an unequal distribution of heat in
the house if an allowance is not made for the chimney heat supplied
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to the rooms through which the chimney passes. It is suggested that
in designing a heating system, the heat to be supplied by the installed
radiation in a room should be reduced by an amount equal to 1.5 per-
cent of the calculated heat loss of the house for each side of the chimney
exposed to that room. This correction is based on a combined boiler
and smoke pipe efficiency of 70 percent. The installed radiation thus
selected should be adequate for either a one story or a two story house.
APPENDIX A: HEAT UTILIZATION AND OVER-ALL
HOUSE EFFICIENCY
Heat utilization and over-all house efficiency are closely related to
the heat supplied to the house from the chimney. In a previous bulle-
tin' it was pointed out that when a central heating system is used in
connection with an inside chimney, as was done in the case of the
Research Home, the only part of the total heat input to the house
that is not actually utilized in offsetting heat losses is the heat carried
away by the chimney gases as measured at the level of the upper
boundary of the heated space. This boundary usually is at the attic
floor level. The over-all house efficiency is an index of the effectiveness
of heat utilization, and serves as a convenient basis in making com-
parisons between different heating installations.
In the same bulletin a comparison was also made of the over-all
house efficiency obtained with two methods of operating a hot-water
heating system. It was pointed out that different methods of operation
resulted in different house efficiencies. However, the discussion con-
tained very little explanation of the causes of these differences. Since
the writing of Bulletin 349, additional data have been obtained which
warrant a discussion of the relationship between average boiler water
temperature and over-all house efficiency. During the course of the
testing program in the I = B = R Research Home a number of different
heating systems and methods of operation have been employed. As
shown in Fig. 12, the average temperatures of the water at the top of
the boiler varied considerably for these methods of operation. In Fig.
13 the over-all house efficiency obtained for these same operating con-
ditions is shown. It may be observed from a study of Figs. 12 and 13
that the method of operation which provides a lower temperature of
boiler water for a given indoor-outdoor temperature difference results
in a higher over-all house efficiency.
To demonstrate further the relationship of boiler water temperature
to over-all house efficiency, the curves in Fig. 14 were constructed by
plotting, for various indoor-outdoor temperature differences, the over-
all house efficiency and the corresponding boiler water temperature as
, "Performance of a Hot-Water Heating System in the I=B=R Research Home at the Univer-
sity of Illinois," Univ. of Ill. Eng. Exp. Sta. Bul. 349, pp. 57-62. 1944.
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read from the appropriate curves in Figs. 12 and 13. For any indoor-
outdoor temperature difference the relationship between the over-all
house efficiency and the boiler water temperature is approximately
linear. It should be noted that the slope of the curves increases with
decreasing indoor-outdoor temperature differences. The family of curves
demonstrates that the average temperature of the water in the boiler
is not the only factor affecting the chimney loss, and therefore over-all
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house efficiency. As the indoor-outdoor temperature difference increases,
the effect of the average temperature of the water in the boiler on
over-all house efficiency is decreased. This result is logical, since changes
in the boiler water temperature have a pronounced effect on the off-
period losses and a relatively small effect on the on-period losses, and
the total off-period time increases with decreasing indoor-outdoor
Average Water TemperaLure at Top of Boiler i/ deg. F
Fig. 14. Relationship Between Boiler Water Temperature and Over-all House Efficiency
temperature difference. Therefore the total time of burner operation
is also a factor affecting house efficiency. While other factors also may
be involved, it can be concluded that for a conventional steam or hot-
water system operating in a given house, the over-all house efficiency
is decreased as the boiler water temperature is increased, provided that
there is little or no change in the total time per day that the burner is
in operation. Moreover, as the actual operating time of the burner
per day is decreased, the effect of water temperature on over-all house
efficiency becomes more pronounced.
APPENDIX B: APPLICATION OF PROPOSED DESIGN
PROCEDURE TO RESEARCH HOME
Data on the I = B = R Research Home are used here to illustrate
the use of the procedure for the selection of radiation suggested in
Section 19. Column (3) of Table 2 gives the total calculated heat loss
of each room of the I B= R Research Home at the design indoor-
outdoor temperature difference of 80 F. Conventional practice in the
design of a steam or hot-water heating system is to provide sufficient
radiation in each room to offset this calculated design heat loss. Column
(2) indicates the number of sides of the inside chimney which are ex-
posed to the different rooms. Column (4) is the allowance for heat
obtained from the chimney (taken as 1.5 percent of the calculated heat
loss of the house for each side of the chimney exposed to the room),
and column (5) represents the net heat to be provided by radiation
after making allowances for the heat obtained from the chimney.
Using the conventional procedure the radiation would be selected
in accordance with the values in column (3) of Table 2. By the pro-
cedure suggested in Section 19 the radiation would be selected on the
basis of the values in column (5). Column (6) shows that in the Research
Home the heat obtained from the inside chimney was sufficient to take
care of from 11 to 30 percent of the normal heat requirements of the
rooms to which the sides of the chimney were exposed.
In the description of the first heating system used in the Research
Home, as given in Station Bulletin 349, it was stated that the amount
of radiation installed in each room was just sufficient to offset the
calculated heat loss of the room (column 3, Table 2). However, to
obtain proper balance of room temperatures it was found necessary to
reduce the radiation in the dining room and southwest bedroom by 35
and 25 percent respectively, whereas radiation in the living room was
increased by about 9 percent.
In the southwest bedroom the reduction made in the amount of
installed radiation corresponded very closely to the reduction indicated
by the design procedure suggested in this bulletin. In the dining room
the actual reduction was even greater than that indicated by the
estimated chimney allowance. The boiler was located in the basement
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directly under the dining room, and temperatures taken on either side
of the dining room floor indicated that additional heat was supplied
to this room through the floor.
Only in the living room was the actual change in radiation contrary
to that indicated by the proposed procedure. Observations in the Re-
search Home have indicated that the radiation installed in the vestibule
Table 2
Data on I=B=R Research Home Illustrating Use of Suggested
Radiation Selection Procedure
No. of Sides Calculated Heat Obtained Net Heat to Be Reduction in
Room of Chimney Heat Loss from Chimeny Supplied by Radiation
Exposed to Btu per Hr Btu per Hr Radiation, Required,Room Btu per Hr percent
(1) (2) (3) (4) (5) (6)
Liv. Rm. 1 5749 650 5099 11.3
Din. Rm. 2 8742 1300 7442 14.9
Kitchen 1 3199 650 2549 20.3
Lavatory 1484 1484
Vestibule 4848 4848
N.E. Bed Rm. 4393 4393
N.W. Bed Rm. 1 4944 650 4294 13.1
S.W. Bed Rm. 2 5250 1300 3950 24.8
Bath 2606 2606
Stair 1 2155 650 1505 30.2
Total 43,370 5,200 38,170 12
was not adequate to keep the vestibule as warm as the remainder of
the house. As a result cool air circulated through the open doorway
from the vestibule into the living room, increasing the heat require-
ments of the latter. Had sufficient radiation been installed in the
vestibule it is unlikely that additional radiation would have been re-
quired in the living room.
Actual performance therefore indicated that conventional proce-
dures for the selection of radiation have resulted in too much radiation
in those rooms of the Research Home to which two sides of the chimney
were exposed. Furthermore, had the procedure suggested in Section 19
been used the room temperature balance would have been improved
in every room with the possible exception of the living room, in which
the unbalanced condition resulted largely from lack of sufficient radia-
tion in the adjoining vestibule, rather than from heat obtained from
the chimney.
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